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ABSTRACT 
In this work, we have carried out research on the synthesis of nitrogen and phosphorus-containing fire 


retardants. Epichlorohydrin, urea, melamine, ammonium dihydrogen phosphate, orthophosphoric acid, morpholine 
were selected as objects of research. 
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1. INTRODUCTION 


The use of flame retardants changes the behavior of flammable materials in a fire, reducing or suppressing 
their flammability. Flame retardants can be added both during and after the production of flammable materials, or in 
some cases used as a reagent for the production of a chemically modified polymer. Most organic substances, both 
synthetic and natural, are inherently flammable. Flame retardants can alter the reaction of a substance to combustion, 
imparting a flame retardant property to the substance, which leads to a slower combustion rate when ignited. Fire 
retardants provide invaluable time to rescue people from buildings engulfed in flames. 

There are several types of flame retardants, however, phosphorus-based flame retardants are considered 
superior. Because the combustion of phosphorus-containing flame retardants does not form carcinogenic substances 
such as dioxins or furans. In connection with the recent increased interest in the problems of environmental pollution 
and harm to human health, halogen-based flame retardants are constantly being replaced by more environmentally 
friendly phosphorus- and nitrogen-containing flame retardants. 

The influence of various technological parameters on the process of polycondensation of orthophosphoric 
acid and carbamide has been studied. The interaction of urea with phosphoric acid occurs in the liquid phase with 
vigorous stirring and heating of the reaction mass: 


NH2CONH2 + (HO)3;PO ——> NH»C(O)NH-P(O)-(OH)2+ H20 


By carrying out a number of laboratory experiments, the optimal dilution ratio was selected. It was found 
that at atmospheric pressure and 90 ° C and a molar ratio of carbamide: orthophosphoric acid: water 2.3: 1: 5, it is 
possible to obtain a homogeneous reaction mass. 


The study of the reaction kinetics shows that the reaction is characterized by a low rate. In this regard, we 
have carried out research to accelerate the polycondensation reaction. The rate of reaction of urea with phosphoric 
acid was determined from the time it took to reach the pH of the reaction medium equal to 4. At this value of the 
acidity of the medium, approximately 50% of the conversion of the starting reagents is achieved; therefore, this 
parameter is chosen for the convenience of measurements. It was found that the intensity of stirring does not affect 
the reaction rate; the reaction is not complicated by diffusion inhibition and proceeds in the kinetic region. As the 
temperature rises from 70 to 90 ° C, the reaction rate increases (figure). An increase in the concentration of urea 
increases the rate of polycondensation. However, an excess of urea creates conditions for its precipitation at low 
temperatures. 

Also, we obtained an oligomeric fire retardant by condensation of carbamide with orthophosphoric acid in 
the melt at a temperature of 130-135 °C. The synthesis of the oligomer in the melt excludes the hydrolysis of the 
starting carbamide. The molar ratio of carbamide and phosphoric acid during the synthesis is (1.5-2.5): 1, which 
corresponds to the atomic ratio N / P from 3 to 5 and the yield is 95-98%. The resulting fire retardants dissolve in 
water and some organic solvents. 
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Figure 1. Kinetics of polycondensation of phosphoric acid with carbamide at temperatures, °C: 1 - 70, 2 - 80, 
3 - 90. 

The structure of oligomers obtained by combined polycondensation of carbamide and orthophosphoric acid 
was studied by the methods of elemental analysis and IR spectroscopy. The influence of synthesis conditions on the 
value of intrinsic viscosity was studied by the method of viscometry. 

The reaction of interaction of carbamide with ammonium dihydrogen phosphate in the melt has been studied. 
It has been experimentally established that a by-product of this reaction is ammonium hydroxide NH4OH, when 
heated, ammonia is formed. To interact with ammonium hydroxide, orthophosphoric acid was introduced into the 
reaction zone. As a result of the reaction, ammonium dihydrogen phosphate is formed, which is involved in the 
synthesis of a fire retardant. The general scheme for the synthesis of a fire retardant based on carbamide with 
ammonium dihydrogen phosphate can be represented by the following scheme: 


O a OH O 
| | 
H,N-C-NH, + O=P-ONH, ——+ O-P -N-C-NH,+NH,OH 
OH OH H 
OH O a 
O-P-N-C-NH,+NH,OH —+ O©=P-ONH, + H,O 
OH H OH 


Thus, the binding of the released NH4 + ion with phosphoric acid ensures its use as a reagent for endogenous 
feeding of the synthesis components with an additional amount of ammonium phosphate and a more complete course 
of the overall condensation reaction. 

Next, we synthesized oligomeric fire retardants by polymerizing epichlorohydrin with a phosphorus- 
containing compound. Ammonium dihydrogen phosphate was used as a phosphorus-containing compound. 

The epichlorohydrin molecule contains two active groups - an epoxy and a C-Cl bond. The epoxy cycle is 
an almost regular triangle with significantly deformed bond angles. Therefore, only partial overlapping of atomic 
orbitals occurs and the bond energy decreases: 
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The polymerization process was carried out by stirring at temperatures of 20-40°C. The structural formula 
of the synthesized compound based on epichlorohydrin with ammonium dihydrogen phosphate can be represented as 
follows: 


" 


CH, - CH CH,Cl + O= P- ONH, ——+ {0-CH, -CH}CH, ~CH- 
O OH CH, CH,CI 
| = 
H-N HPO, 
a, 
HH 


The influence of various technological factors on the polymerization process was studied: the ratio of the 
initial reagents, the nature of the solvent, and temperature. 

Study of the influence of the ratio of the initial reagents on the yield of the oligomeric product shows that 
with an increase in the ratio of ammonium dihydrogen phosphate. 

In order to study the fire-retardant properties of synthesized products on cotton fabrics, we impregnated fabrics 
with an aqueous composition containing 25-30% of a fire retardant based on carbamide with orthophosphoric acid, 
followed by pressing (25-30%). Then it was dried at 50-60 ° C and heat treated at 140-150 ° C for 5 minutes. It was 
found that the use of the specified fire retardant increases the effect of non-combustibility of the fabric. 
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Appendix 


VUk-cneKTpbI aHTHTMMpeHa Ha OCHOBE MOYEBHHAI C OpTO@OCHOpHON KHCJIOTbI, CHHTC3MPOBaHHBble B Macce - 
IC - spectra of a fire retardant based on urea with orthophosphoric acid synthesized in bulk 

Uk —ciiekTpbl aHTHMIMpeHa Ha OCHOBE MOYEBHHBI C OPpTOMOCMOpHON KUCIOThI, CHHTeC3MPOBaHHBble B cpeyle 
BoybI - IC - spectra of a fire retardant based on urea with orthophosphoric acid, synthesized in water 

Uk - CiieKTpbI AHTHMMpeHa Ha OCHOBE MOYEBHHBI U OPTOMOCMOpHON KHCJIOTbI, CHHTe3HPOBaHHBle B cpeye 
BoybI - IC - spectra of a fire retardant based on urea and orthophosphoric acid, synthesized in water 

Uk — citeKTpbI MoueBuHEI - IC - urea spectra 

Uk — cnekTpbI 9nuxno0pruyzpuna — [C- epichlorohydrin spectra 
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